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Abstract
This study combined parent and observational measures to examine the association between
aberrant sensory features and restricted, repetitive behaviors in children with autism (N = 67) and
those with developmental delays (N = 42). Confirmatory factor analysis was used to empirically
validate three sensory constructs of interest: hyperresponsiveness, hyporesponsiveness, and
sensory seeking. Examining the association between the three derived sensory factor scores and
scores on the Repetitive Behavior Scales—Revised revealed the co-occurrence of these behaviors
in both clinical groups. Specifically, high levels of hyperresponsive behaviors predicted high
levels of repetitive behaviors, and the relationship between these variables remained the same
controlling for mental age. We primarily found non-significant associations between
hyporesponsiveness or sensory seeking and repetitive behaviors, with the exception that sensory
seeking was associated with ritualistic/sameness behaviors. These findings suggest that shared
neurobiological mechanisms may underlie hyperresponsive sensory symptoms and repetitive
behaviors and have implications for diagnostic classification as well as intervention.
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Introduction
Autism is a neurodevelopmental disorder highly associated with genetic risk [Dawson,
2008]. The core symptoms of autism include impaired social reciprocity, nonverbal and
verbal communication, and excessive displays of a restricted and repetitive range of
behaviors and interests [ICD-10, World Health Organization, 1993; DSM-IV-TR, American
Psychiatric Association, 1994]. Sensory features in autism often have co-occurred with the
behavioral presentation of these established core symptoms. Sensory symptoms are
considered secondary or associated features of the disorder because they have not been
universally found in individuals with autism. Still there has been some discussion as to
whether sensory symptoms in autism should be considered primary impairments that have
resulted in problems relating to and interacting with others, particularly because for the
developing child most of the world is explored and experienced via sensory input [Baranek,
Parham, & Bodfish, 2005; Iarocci & McDonald, 2006; Rogers & Ozonoff, 2005].
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Much of the confusion about the relationship between sensory symptoms and core features
of autism has centered on the diagnostic category of restricted, repetitive behaviors and
interests. Repetitive behaviors are defined by their repetition, inappropriateness,
topographical similarity across contexts, and an overarching behavioral rigidity [Boyd,
McBee, Holtzclaw, Baranek, & Bodfish, 2009]. The category of repetitive behaviors has
included such behaviors as motor stereotypies (e.g., hand-flapping) and self-injury, which
are presumed to provide intrinsic sensory stimulation to individuals with autism [Lovaas,
Newsome, & Hickman, 1987]. Thus, part of the confusion may have simply stemmed from
how difficult it has been to properly define and measure sensory symptoms in autism and
parse those apart from repetitive behaviors. Yet, this is important because of the implications
a relationship, or lack thereof, between sensory symptoms and repetitive behaviors
potentially has for diagnostic criteria, pathogenesis, and treatment strategies in autism.
Strong relationships (as indicated by a high degree of co-occurrence) may suggest that
additional descriptions of sensory symptoms should be added to the diagnostic criteria for
autism to better characterize the clinical phenotype. Further, robust linkages may indicate
shared neurobiological mechanisms underlie these behavioral features, or that similar
intervention approaches could be used to treat both classes of behaviors. In contrast, weak
relationships may suggest these behaviors are more distinct than previously thought and that
differential treatment approaches and taxonomies are needed, possibly because of dissimilar
pathogenesis.
Three sensory patterns have emerged in the autism research literature: hyperresponsiveness
(i.e., behavioral over-reactivity to sensory stimuli); hyporesponsiveness (i.e., behavioral
under-reactivity to sensory stimuli); and sensory seeking (i.e., craving/fascination with
certain stimuli). These categories are based on a combination of the proposed nosology for
sensory processing disorders [Ben-Sasson et al., 2009; Miller, Anzalone, Lane, Cemak, &
Osten 2007], and empirical findings in autism [Baranek, David, Poe, Stone, & Watson,
2006; Ben-Sasson et al., 2009; Liss, Saulnier, Fein, & Kinsbourne, 2006]. Little is known
about the relationship of these patterns to each other as well as core symptoms of autism.
For example, researchers have found that hyporesponsiveness and hyperresponsiveness co-
occurred in autism [Baranek et al., 2006; Ben-Sasson et al., 2009; Greenspan & Weider,
1997; Hirstein, Iversen, & Ramachandran, 2001; Williams, 1994]. Using a parent report
measure, however, Baranek et al. [2006] found the hyper responsive sensory pattern to be
similar in autism and developmentally delayed (DD) samples, yet, this sensory type
discriminated both of these groups from the typical comparisons. Follow-up studies that
included observational measures have confirmed these findings and demonstrated that
mental age (MA) was a strong predictor of hyperresponsiveness [Baranek, Boyd, Poe,
David, & Watson, 2007]. In comparison, Baranek et al. [2006] found that sensory hypo
responsiveness discriminated the autism group from both the DD and typical comparison
groups, thus underscoring the importance of studying under-responsiveness as well as over-
responsiveness to sensory stimuli. Children with autism also display higher frequencies of
sensory seeking behaviors. In previous studies, it was reported that toddler- and preschool-
aged children with autism differed from their typically developing peers in the excessive
display of under-reactive behaviors, hypersensitivities, and sensory seeking behaviors [Ben-
Sasson et al., 2008; Rogers, Hepburn, & Wehner, 2003; Watling, Dietz, & White, 2001]. A
meta-analysis conducted by Ben-Sasson et al. [2009] found the behavioral presentation of
this triad of sensory symptoms in autism to be moderated, in general, by (a) chronological
age (CA) of individuals included in the study (larger effect sizes found for children up to 9
years of age vs. older children), (b) number of children with autism included in the study
(larger effect sizes when >80% of sample had a diagnosis of autism), and (c) whether groups
were matched on MA vs. CA (larger effect sizes for CA matched groups). At present the
compilation of evidence underscores the importance of investigating the three patterns of
sensory symptoms in autism to fully understand any relationship with core deficit areas as
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well as the role developmental maturation plays in the expression of sensory and repetitive
behavior symptoms.
In two prior studies, researchers reported associations between sensory features and
repetitive behaviors in autism [Boyd et al., 2009; Gabriels et al., 2008]. Gabriels et al. used
parent report measures to examine the association between these atypical behaviors in a
sample of 70 children and adolescents with autism spectrum disorders. The researchers
found consistently high levels of sensory features and repetitive behaviors in a subgroup of
the sample. Similarly, Boyd et al. found the same relationship in a group of school-aged
children (6–17 years of age) with high-functioning autism. These studies demonstrated that
sensory symptoms and repetitive behaviors often co-occurred in autism. However, both
studies only used parent report measures of sensory and repetitive behaviors. Observational
methods are needed to validate these clinical phenomena and their interrelationships.
Further, neither study investigated if there were differential relationships between sensory
features and repetitive behaviors based on the sensory pattern(s) the child displayed.
Examining any differential relationships between the expression of specific types of sensory
symptoms and repetitive behaviors provides a more comprehensive understanding of a
potential sensory phenotype in autism.
In summary, little is known about the association between patterns of sensory features and
repetitive behaviors in autism. Conceptually and empirically validated classification systems
of sensory patterns (i.e., hyporesponsiveness, hyperresponsiveness, sensory seeking) should
be examined to better inform differential diagnosis, pathogenesis, and treatment in children
with autism and related disorders. The purpose of this study was to examine the association
between sensory patterns and repetitive behaviors in young children with autism and
developmental delays. Our specific research questions were: (1) What is the association
between three empirically derived sensory constructs (i.e., hyperresponsiveness,
hyporesponsiveness, and sensory seeking) and repetitive behaviors (i.e., compulsions,
restricted interests, rituals/sameness, self-injury, and stereotypy) in children with autism and




Recruitment—Two groups of participants were included in this study: children with
autistic disorder (AD) (N = 67) or developmental delay (DD) (N = 42). See Table 1 for a
summary of participant and family descriptive and demographic information. The families
received monetary incentives ($25–$75 dependent upon their child's age and diagnostic
status) for their participation in the study which included standardized developmental
assessments, and various sensory processing measures. The children also received a small
toy or book for their contributions. We recruited participants through a variety of methods,
including but not limited to, developmental evaluation clinics, parent support groups, and
public schools in the state of North Carolina. In addition, the University of North Carolina
(UNC) Neurodevelopmental Disorders Research Center Subject Registry was used to recruit
families of children with autism. Once interested participants were identified, project staff
contacted them via telephone, screened all participants for eligibility, and scheduled on-site
assessments. Prior to administration of observational assessments, research staff screened
children to confirm normal or corrected normal vision and hearing functions as atypical
hearing or vision could impact sensory processing and subsequent behavioral reactions.
UNC's Institutional Review Board approved the research.
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Diagnostic confirmation—The AD group was comprised of children diagnosed with AD
by an independent licensed psychologist or physician. We used the Autism Diagnostic
Interview-Revised [Le Couteur, Lord, & Rutter, 2003] and Autism Diagnostic Observation
Schedule (ADOS) [Lord, Rutter, Dilavore, & Risi, 1999] to confirm diagnosis. The DD
group included three types of children: (a) those with known developmental disabilities and
genetic syndromes (i.e., Down or Williams syndrome) associated with mental retardation (N
= 18); (b) those with idiopathic developmental delay of a nonspecific nature based on either
a global cognitive assessment (i.e., IQ >2 standard deviations below the mean), or
significant delays (>1.5 standard deviations below the mean) in at least two developmental
domains (N = 20) (i.e., Expressive Language, Receptive Language, Cognitive/Visual
Reception, Fine or Gross Motor, and/or Adaptive Behavior); or (c) developmental delay that
resulted from premature birth (N = 4). Children with idiopathic DD have been difficult to
recruit; thus, children with known developmental disabilities or a delay that resulted from
prematurity were included to augment sample size. We excluded children from the DD
group if they had a clinical diagnosis of autism or a score above the autism cutoff on the
Childhood Autism Rating Scale [CARS; Schopler, Reichler, & Renner, 1988] and/or ADOS.
Exclusion criteria for both groups (AD and DD) were the presence of co-morbid conditions
of autism, such as Fragile × syndrome and tuberous sclerosis; MA <6 months; cerebral
palsy; uncorrected visual or hearing impairment; seizure disorder; or current receipt of
psychopharmacological treatments as indicated by parents or from medical records.
Measures
Cognitive measures—The primary cognitive measure was the Visual Reception (VR)
scale of the Mullen Scales of Early Learning [Mullen, 1995]. The Mullen is a standardized,
child-administered measure of cognitive functioning for children from birth up to 68 months
of age. The VR scale primarily tests visual discrimination and visual memory skills, and was
selected as an efficient and valid measure of nonverbal cognitive performance for this study.
Pearson correlations between the VR scale T score and the Early Learning Composite
(overall standard score) on the Mullen were very high (r = 0.96). We utilized the age
equivalent scores as a measure of MA. Some participants (13%) were above the age range
recommended for the MSEL; thus, the Leiter International Performance Scale-Revised
[Roid & Miller, 1997] was used in those cases (i.e., Leiter Brief IQ score converted to MA).
Repetitive behavior measure—The outcome measure was the Repetitive Behavior
Scales—Revised [RBS-R; Bodfish, Symons, & Lewis, 1999], an informant-based rating
scale of repetitive behavior (scores range from 0 = behavior not does not occur to 3 =
behavior occurs and is severe). The RBS-R has six subscales that measure type/severity of a
variety of repetitive behaviors in autism (i.e., compulsions, restricted interests, rituals,
sameness, self-injurious behaviors, and stereotypy). Lam and Aman [2007] conducted a
factor analysis of the RBS-R (based on N = 320 caregivers of individuals with autism) which
generated a five factor solution with rituals and sameness loading on the same factor. Factor
loadings for the RBS-R ranged from 0.51–0.66, accounting for 47.5% of the variance;
internal consistency of the scales ranged from 0.78–0.91 and inter-rater agreement ranged
from 0.57–0.73 [see Lam & Aman, 2007]. We used the five empirically derived factor
scores in this study.
Sensory measures—A total of four sensory measures were used—two parent report and
two observational— providing a multi-trait, multi-method approach to measuring the three
sensory patterns of interest.
The Sensory Experiences Questionnaire [SEQ; Baranek, 1999a; Baranek et al., 2006] is a
43-item caregiver report questionnaire that measures frequencies of the child's unusual
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sensory reactions across sensory modalities, contexts and response patterns (i.e., hypo/
hyperresponsiveness, and sensory seeking). The Sensory Profile [SP; Dunn, 1999] is a 125-
item questionnaire (Likert 5-point scale) that also measures sensory processing across
sensory modalities (e.g., visual, tactile, auditory) in the context of daily activities. The
Sensory Processing Assessment for Young Children [SPA; Baranek, 1999b] is a 20-minute
semi-structured play-based, observational assessment that provides behavioral presses for
these same sensory response patterns. The Tactile Defensiveness and Discrimination Test—
Revised [TDDT-R; Baranek, 1998; Baranek & Berkson, 1994] is a 15-minute behavioral
observation assessment of tactile processing (hyperresponsiveness and discrimination) for
children with autism and other developmental disabilities.
Derivation of Sensory Construct Scores
Sensory construct scores—To measure the triad of sensory features in autism, items
from each of the four sensory measures (i.e., SEQ, SP, SPA, and TDDT-R) were rigorously
evaluated using a combined conceptual and empirical approach to validate the three sensory
constructs of interest (i.e., hyper/hyporesponsiveness and sensory seeking). First, the study
team established content validity to ensure that all items included in the final analyses to
measure the sensory phenomena were in conceptual agreement [e.g., Beck & Gable, 2001;
Grant & Davis, 1997], and then used a confirmatory factor analysis for empirical validation.
Content validity was established by a team of three Ph.D. researchers and one doctoral
student who were experts in the clinical manifestations of sensory processing features in
autism, and they followed established guidelines to conduct an exhaustive review of all
items [e.g., Blue, Marrero, & Black, 2008; Fitzner, 2007; Gould, Moore, McGuire, &
Stebbins, 2008]. The process entailed two steps: (a) the researchers were divided into two
pairs and each pair categorized items for two of the four assessments (to ensure that each
assessment was reviewed by at least two evaluators) with each evaluator categorizing items
independently; and (b) evaluators compared results and resolved any disagreements via a
consensus across evaluators. Results of this process were consistent with the original
conceptual models outlined by the primary authors of the instruments. We deleted sensory
items that fell into three categories: (a) item was analogous to a repetitive behavior item on
the RBS-R, which would have potentially conflated the measures (e.g., “rigid rituals in
personal hygiene”); (b) item did not specifically address a sensory symptom (e.g., “weak
grasp” indicated a motor problem that may or may not have a sensory basis); or (c) item
could not be classified into a mutually exclusive category because it reflected more than one
sensory construct (e.g., “prefers long sleeves” could indicate hyperresponsiveness or sensory
seeking). Thus, the SEQ contributed a total of 30 items, the SP contributed 55 items, the
TDDT contributed 25 items, and the SPA contributed 27 items.
Scores were transformed to ensure each item was scored on a 5-point scale with concordant
valence across all four assessments (score of 1 being least severe sensory symptoms and a
score of 5 being most severe). A mean score was derived for each sensory construct on each
separate assessment. The items from each assessment were then entered into a confirmatory
factor analysis to establish empirical validity of the three conceptually validated constructs
of interest.
Confirmatory factor analysis—Confirmatory factor analytic procedures were used to
generate scores for hyporesponsiveness, hyperresponsiveness, and sensory seeking for each
of the measures. We created a measurement model in MPLUS (version 5) which had 5 latent
constructs and 11 manifest variables (see Fig. 1). The 11 manifest variables came from the
four different measures of sensory features—two parent (SEQ and SP) and two observed
(SPA and TDDT-R). Three of the sensory instruments contributed hyporesponsiveness,
hyper-responsiveness, and seeking items; the TDDT-R only contributed
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hyperresponsiveness and seeking items. The inclusion of measures from two sources (parent
and observer) introduces error into the model attributable to the format of the assessments.
That is, we anticipated that there would be covariance among the parent measures and
among the observational measures. To correct for potential rater effects, latent variables
representing parent and observational measures also were included in the model. These
method factors allowed us to control for their effects in estimating the three latent variables
of interest. The measurement model had good fit, according to the fit indices, as evidenced
by the non-significant chi-square (χ2 = 32.4; P = 0.40), the CFI near 1 (CFI = 0.997), and the
RMSEA <0.08 (RMSEA = 0.021).
Statistical Analysis
Regression models—Once the factor analytic model was derived, each of the resulting
sensory factor scores was regressed on the RBS-R scores to assess the associations between
repetitive behaviors and sensory features. The RBS-R scores had a censored normal
distribution because of an overabundance of scores of zero, and to account for this a series
of repeated measures censored regression models were fit to the data using the xttobit
command in STATA 10.0. The tobit model is appropriate for distributions where the
dependent variable evidences a clustering at some lower limit [McDonald & Moffitt, 1980].
The percentage of children in the AD and DD groups that had mean scores of zero on a
RBS-R subscale were 11% for stereotypies, 38% for self-injurious behaviors, 30% for
compulsions, 17% for ritualistic/sameness behaviors, and 27% for restricted interests.
For the first set of analysis models, a separate model was fit for each of the three sensory
constructs with hyperresponsiveness, hyporesponsiveness, and seeking factor scores entered
into individual models as predictors. For this analysis each participant had five observations,
one for each of the five RBS-R factor-derived subscales. Clinical group (AD or DD),
gender, and MA were controlled for in these models. The models also included a categorical
variable that designated the RBS-R subscale; interactions between this variable and the
sensory factor score tested whether the association between the sensory construct and the
RBS-R score varied between the subscales. Interactions also were evaluated to test whether
this association varied as a function of MA or clinical group.
To test the independence of the effects of each sensory construct, a second analysis was
performed to examine the association between the sensory factor scores and the RBS-R
subscale scores. In this model, all three sensory factor scores were simultaneously entered
into the model and regressed on the RBS-R scores, which allowed us to test the effects of
one sensory construct while controlling for the effects of the other two constructs. This
model also controlled for MA, clinical group, and gender.
Results
The means and standard deviations for the sensory constructs and RBS-R subscale scores
are presented in Table 2. We found that the AD group had significantly higher scores than
the DD group on the three sensory constructs and most subscales of the RBS-R except for
self-injury. Pearson correlation coefficients were used to examine the intercorrelations
among RBS-R subscales as well as the associations among the three sensory constructs. For
the sensory constructs, hyporesponsiveness was moderately correlated with
hyperresponsiveness (r = 0.32, P = 0.0006) and sensory seeking (r = 0.34, P = 0.0003);
however, seeking and hyperresponsiveness were not significantly correlated (r = 0.07, P =
0.484). As indicated in Table 3, all RBS-R subscales were significantly correlated with each
other.
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A separate model was fit for each of the three sensory constructs with hyperresponsiveness,
hyporesponsiveness, and seeking factor scores entered into individual models to examine
their association with repetitive behaviors. In general, higher hyperresponsive behaviors
were correlated with higher levels of repetitive behaviors in the AD and DD groups.
Specifically, significant correlations were found between hyperresponsiveness and the
presence of stereotypies, compulsions, and rituals/sameness behaviors. For sensory seeking,
a significant correlation was only found for ritualistic/sameness behaviors, although
correlations for stereotypies and self-injury approached significance. In addition, this
association between the hyper and seeking constructs and repetitive behavior did not vary by
clinical group (all P>0.15). There also was no evidence that the association between
repetitive and sensory behaviors significantly differed as a function of MA (all P>0.09).
Simultaneous Models
A second model was fit to examine the association between each sensory construct and
repetitive behaviors while controlling for the effect of the other two sensory constructs in the
same model. For the simultaneous models, the associations between hyperresponsiveness or
sensory seeking features and repetitive behavior remained the same as those found for the
individual models. The relationship between repetitive behaviors and the two sensory
features did not vary between the groups (all P>0.15), and there was no evidence that the
relationship differed by MA (all P>0.09). The results for the individual and simultaneous
models can be found in Table 4. Finally, the main effect for hyporesponsiveness and
repetitive behaviors was not statistically significant for either the individual or simultaneous
models (all P>0.10).
Discussion
Using a combination of observational and parent report measures of sensory symptoms,
significant associations were found between the hyperresponsive sensory construct and the
presence of repetitive behaviors in children with autism and those with developmental
delays. Thus, higher hyperresponsive scores were related to a variety of repetitive behaviors
in both clinical groups; however, primarily non-significant associations were found between
sensory seeking (craving/fascination with sensory stimuli) or hyporesponsiveness
(behavioral under-reactivity to sensory stimuli) and repetitive behaviors. The one exception
was the significant association found between sensory seeking and ritualistic/sameness
behaviors. Preliminary findings suggest that sensory hyporesponsiveness and sensory
seeking may be more associated with deficits in social-communication skills, at least in
children with autism [Gay, Watson, Baranek, Poe, & Boyd, 2008]. In addition, the
associations between sensory features and repetitive behaviors did not vary between the
clinical groups. However, children with autism in our sample did have significantly higher
levels of the three types of sensory patterns and most types of repetitive behavior in
comparison to the group of children with DD.
Further, the association between sensory features and repetitive behaviors remained the
same (i.e., higher hyper scores were associated with higher repetitive behavior scores) after
controlling for participants' MAs. It is important to highlight that previous research has
suggested that both sensory features and repetitive behaviors are independently related to the
cognitive abilities or developmental maturation of individuals with autism. For example,
Baranek et al. [2007] reported that MA was a predictor of hyperresponsiveness in children
with autism and those with DD. With repetitive behaviors, it has been found that individuals
with lower IQ levels, in particular nonverbal IQ, displayed more types of repetitive
behaviors [Bishop, Reichler, & Lord, 2006; Bodfish, Symons, Parker, & Lewis, 2000].
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Thus, developmental or cognitive maturation was predictive of the actual expression of these
behaviors in children even though this variable may not have played a significant role in
how these behaviors were related to one another. Other shared mechanisms may be
responsible for their co-existence. A study by Gabriels et al. [2008] provided support for this
finding. Those researchers also found that the actual relationship between abnormal sensory
responses and repetitive behaviors was not affected by the IQ levels of the participants with
autism, although their participants were older in age than our study sample (mean age = 10.8
years), and the researchers did not explore the different patterns of sensory features (i.e.,
hyper, hypo, and seeking). Understanding the relationship between these behaviors has both
theoretical and clinical implications for the role of shared neurobiological mechanisms and
treatment development.
While the present study did not directly test for physiological or biological correlates of
these behaviors, previous research allows us to make theoretical postulations about the
mechanisms underlying their relationship. First, it is important to highlight that research
links both abnormal sensory features and repetitive behaviors to neuropathological
mechanisms occurring early in development, which result in atypical sensory processing
(e.g., long range underconnectivity in the cerebral cortex; and/or lack of “functional”
connectivity) [Gomot, Belmonte, Bullmore, Bernard, & Baron-Cohen, 2008; Tommerdahl,
Tannan, Holden, & Baranek, 2008] or aberrant restricted/repetitive behaviors (e.g.,
structural or functional differences in the caudate nucleus or frontal lobe) [Langen, Durston,
Staal, Palmen, & van England, 2007; Shafritz, Dichter, Baranek, & Belger, 2008; Thakkar et
al., 2008]. We found a specific association between hyperresponsiveness and compulsive or
ritualistic/sameness behaviors in both the individual and simultaneous data analysis models.
Based on behavioral and physiological research on obsessive–compulsive disorder (OCD), a
neurodevelopmental disorder that shares pathogenic and phenomenological similarities with
autism [Rapoport & Inoff-Germain, 2000], researchers have found that anxiety plays a
major role in the expression of compulsive/ritualistic behaviors [Abramowitz, Whiteside, &
Deacon, 2005; Aouizerate et al., 2004; Piacentini & Langley, 2004]. Individuals with OCD
often engage in these behaviors to alleviate anxiety that reoccurs as a result of obsessive
thoughts. Hyperawareness of, or hypersensitivity to, stimuli in the environment (e.g., tags on
the back of a child's shirt) may lead to similar feelings of anxiety, and subsequent
engagement in compulsive or ritualistic behaviors to alleviate those feelings.
In typical development, researchers have speculated that ritualistic or OCD-like behaviors
serve as compensatory mechanisms in fearful situations [Evans, Gray, & Leckman, 1999;
Zohar & Felz, 2001], and allow individuals to establish predictability and control in a
perceived chaotic environment [Fiske & Haslam, 1997; Zohar & Felz, 2001]. Compulsive
and ritualistic types of repetitive behaviors in typically developing children begin to abate
around six years of age [Evans et al., 1999]; yet, for children with developmental disorders
these behaviors may continue to serve a compensatory strategy due to other cognitive
capacities taking longer to come on-line, such as inhibitory control [Mosconi et al., 2009].
Further, at a biological level, some studies have linked the amygdala, which plays a role in
regulating our reaction to environmental stimuli that are perceived as fearful or anxiety-
provoking, to repetitive behavior in autism [Dziobek, Fleck, Rogers, Wolf, & Convit, 2006].
It is possible that the amygdala also plays a role in the expression of hyperresponsive
sensory symptoms. We also found that hyperresponsiveness and stereotypy were correlated,
and one of the long standing psychological theories has been that engagement in stereotypies
served a homeostatic function and increased in situations associated with high levels of
arousal [Turner, 1999]. In our study, sensory seeking was only significantly associated with
ritualistic/sameness behaviors. This may indicate that there is a different pathogenesis
associated with children who display hyperresponsiveness and ritualistic behaviors versus
those who seek out certain stimuli in their environment but also display ritualistic/sameness
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behaviors. Further research is needed to fully explicate the neurobiological underpinnings of
our behavioral findings.
A multi-method, multi-trait approach to characterizing key sensory constructs, as used in
this study, provides a more reliable and valid phenotypic characterization of sensory features
that can be used as a basis for future experimental studies of pathogenesis in autism. We
need additional research to address how co-presentation of aberrant sensory and repetitive
behavior features relates to the child's adaptive functioning. It is plausible that a subgroup of
children who present with high levels of both types of behaviors could have more trouble
with everyday functioning in the home and community. Alternately, some theories [Baron-
Cohen, Ashwin, Ashwin, Tavassoli, & Chakrabarti, 2009] postulate that hypersensitivities
(i.e., enhanced sensory perception; lower sensory thresholds) may lead to greater attention to
detail and thus facilitate hypersystemizing “talents” in high-functioning persons with autism.
Thus, it is unclear to what extent sensory processing differences as found in this study may
have adaptive vs. maladaptive effects on different individuals.
In conclusion, this study suggests that there is primarily a co-occurrence of hyperresponsive
sensory features and repetitive behaviors in children with autism and DD, and these
associations may be related to shared neurobiological mechanisms and have implications for
diagnostic classification. Behavioral or educational treatments may need to address the co-
presentation of these symptoms to maximize intervention effectiveness. Further research is
needed to understand why the three sensory constructs are differentially related to core
features of autism, and to determine neurobiological mechanisms that underlie these
associations.
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Table 1
Participant and Family Demographic Information
AD DD
CA months—Mean (SD) 51.69 (17.07) 49.45 (24.19)





10–11 years 1 1
HS graduate 12 3
Partial College 13 7
College degree 23 16






More than One Race 5 4
Missing 6 1
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